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(57) ABSTRACT

Fluorine being present in the exoskeleton of crustaceans, and
especially krill represents a problem for using krill as a source
for food, feed, food additives and/or feed additives. There has
been developed a process for removing such fluorine from
krill material by subjecting the krill to disintegration and to an
enzymatic hydrolysis process prior to or simultaneously with
a removal of the exoskeleton particles producing a fluorine-
reduced product. Inherent in the disclosed process is the
ability to process krill material with a high polar lipid content
for producing superior quality, low fluorine, products suitable
for the food and feed as well as the pharmaceutical, nutraceu-
tical and cosmetic industry.
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1
LOW FLOURIDE CRUSTACEAN
CONCENTRATED HYDROLYSATE
FRACTION COMPOSITIONS

The present invention concerns an industrial method for
removing fluoride and unwanted trace elements contained in
crustaceans. The process is especially favourable and effec-
tive for substantial reduction of fluoride from krill by remov-
ing substantial amounts of the shell and carapace and forming
several fractions from the crustaceans, inter alfa a fluoride-
reduced lipidaceous and proteinaceous emulsion. The inven-
tion also solves processing problems related to such emul-
sions caused by high lipid content, and especially high polar
lipid content with lipids such as phospholipids. The produced
end products obtained by the process according to the inven-
tion may be used per se as food or feed, as food/feed additives,
as nutraceuticals, cosmaceuticals/cosmeticals or pharmaceu-
ticals or used as starting materials for further downstream
processing. The process according to the invention is also
suitable to be used on other crustaceans than krill.

BACKGROUND FOR THE INVENTION

A problem not sufficiently addressed by the prior art is the
fluoride and unwanted trace material content included in the
shell, carapace and crust of crustaceans. In the disclosure
infra the notion “krill” is used, signifying that krill is one kind
of crustaceans wherein this problem is especially accentu-
ated, but also other types of crustaceans are relevant in the
present invention. Another problem related to krill, and espe-
cially the Antarctic krill, is the high content of polar lipids
during the second half of the fishing season.

As mentioned a well known problem when processing
Antarctic krill (Fuphausia superba) is that the lipid content,
and especially the polar lipid content such as phospholipids,
can be very high during the second half of the season from
April/May to June/July.

As a rule for most known animal species the content of
polar lipids, such as phospholipids, is nearly constant and
variations in total lipid content is caused by variations in the
content of neutral lipids such as triglycerides. Despite these
very high variations of lipid content, the ratio between trig-
lycerides and phospholipids is nearly constant for the Antarc-
tic hill. It is also well known that lipids, and especially phos-
pholipids, cause strong emulsions. Such emulsions cause
problems in the separation of the fractions in the processes,
such as hydrolysis, which involves separation of lipid- and
proteinaceous fractions. The developed process according to
the present invention also solves the emulsion problems by
creating an aggregate of non-soluble proteins and phospho-
lipids before and during the last separation step in the process.

Krill represent a vast resource for biological material. The
amount of Antarctic krill (Euphausia superba) which live in
the Antarctic Ocean, although varying depend on the calcu-
lation method and investigation, is roughly 1 to 2x10° tons
and the possible weight of catch is estimated at 5 to 7x10°
tons. These small crustaceans that live in the cold waters
around the Antarctic, are interesting as a source for proteins,
lipids such as phospholipids, poly-unsaturated fatty acids
etc., chitin/chitosan, astaxanthin and other carotenoids,
enzymes and other materials, and several methods for isolat-
ing such materials have been developed.

The background for the present invention resides in the
circumstance that krill accumulate fluoride in their shell,
increasing the fluoride amount of any produced material
either through the inclusion of such shell parts, through
extraction processes not taking into account the transfer of
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fluoride to the final material through the extraction steps or
through time-consuming processes wherein free fluoride or
loosely bound fluoride may diffuse from the shell material
and into the further processed material, making the end prod-
uct high in fluoride ions or fluorinated compounds.

Fluoride is a compound that in high concentrations is det-
rimental for the health of land-dwelling animals as well as all
kind of fish and crustaceans and especially fresh-water fish
species, since fluoride atoms have the tendency of entering
into the bone structure of such organisms and creating fluo-
rosis (a weakening of the bone structure similar in its effect to
osteoporosis, but different since it is the bone structure itself,
and not the porosity of the bone that is affected). Skeletal
fluorosis is a condition characterised by skeletal abnormali-
ties and joint pain. It is caused by pathological bone formation
due to the mitogenic action of fluoride on osteoblasts. In its
more severe forms, skeletal fluorosis causes kyphosis, crip-
pling and invalidism. Secondary neurological complications
in the form of myelopathy, with or without radiculopathy,
may also occur. High fluoride intake has also been shown to
be toxic to the male reproductive system in rat experiments,
and in humans high fluoride intake and symptoms of skeletal
fluorosis have been associated with decreased serum test-
osterone levels.

Consequently, if krill material is to be used as a starting
material for food or feed products, precautions have to be
taken for removing fluoride through the processing steps.
However, the diffusion of fluoride and the presence of minis-
cule krill shell material represent a problem that is most
difficult to overcome when processing krill material in an
industrial scale.

Additionally it can be advantageous to reduce the ash con-
tent including trace elements from the proteinaceous material
produced from the catch.

Thus there exists a need for an industrial method producing
proteinaceous materials and lipids from krill wherein fluoride
is cost-effectively removed for producing products with sig-
nificantly reduced fluoride content.

Polar lipids such as phospholipids are essential for cell
membranes and are also called membrane lipids. Normally
the total lipid content in fish and other aquatic and terrestrial
animals varies due to variations in feed accessibility through
the year. The variations is normally caused by variations in
the content of non polar lipids in the organisms which is
stored and used as energy reserves during periods of low or no
access to feed, while the content of phospholipids is relatively
constant. However, for Antarctic krill this is different because
the relative content of triglycerides and phospholipids
remains almost constant also when the fat content in this
species varies from 2% up to 10% during the fishing/harvest-
ing season. This means that the phospholipid content in raw
Antarctic krill can be up to 5%. Lipids, and especially polar
lipids as phospholipids, are known to create strong emulsions
in industrial processing according to prior art which involves
heating-, stirring- and separation steps such as a hydrolysis
process. This emulsion will normally cause problems in sepa-
rating the lipid- and protein fractions.

Thus there also exists a need for an industrial method for
elimination of separation problems caused by emulsion when
producing proteinaceous concentrates from krill.

There also is a need for a versatile industrial method
addressing both the removal of fluorine from the processed
krill material and the varying contents of polar lipids in the
krill material.

PRIOR ART

In FR patent 2835703 (Applicant: Techniagro, Inventor:
Fanni, J. et al., Mar. 15, 2002) there is disclosed an isolation
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method for obtaining a protein hydrolysate from a marine
source such as filleting discards and other marine waste mate-
rials (among others shellfish). The patent includes steps of
crushing, hydrolysis, filtration and centrifugation, but is not
particularly suited for processing krill and certainly does not
concern itself with the problem of removing fluoride from the
material.

Also the sequence of steps in any processing method has an
impact on the quality and composition of the final product.
Thus the above mentioned process according to Fanni does
not produce, nor is suitable, for removing fluoride from the
processed material.

Also the process according to Fanni does not address the
problem with high polar lipid content in the processed mate-
rial, and offers no solution to this problem.

InEPpatent 1417 211 B1 (Neptune Technologies & Biore-
sources, Inc.) there is disclosed a composition including a
particular phospholipid and a particular flavonoid and the use
thereof for producing a medicament suitable for treating or
preventing a number of diseases. The composition is pro-
duced from natural marine or aquatic sources, inter alia krill
(Euphausia superba, Antarctic krill and Euphausia pacifica,
Atlantic krill) as well as krill from the Indian Ocean, Mauri-
tius Islands and or Reunion Island off Madagaskar, the Cana-
dian West coast, the Japanese Coast, the Gulf of St. Lawrence
and the Bay of Fundy and other krill habitats. The method for
extracting the relevant phospholipid and flavonoid is
described to be by a method carried out by successive acetone
and alcohol treatments after an initial milling/crushing step.
Again there are no precautions taken for removing the fluo-
ride from the material, and actually the produced product,
albeit containing the indicated phospholipid and falvonoid,
has in no way the same composition as the product according
to the present invention at least for the reason that the present
process includes no acetone or alcohol extractions, and also
includes a number of mechanical steps for removing solid
krill material from the initial krill mass.

In GB patent 2 240 786 (Korea Food Research Institute) the
problem with the high fluoride content of hill is recognized,
but there is proposed passing electric current through pulver-
ized krill for removing fluoride using aluminium electrodes,
not taking into account the problem with actually removing
the fine particles from the crushed krill substance, thus poten-
tially removing the free fluoride but instead creating other
problems concerning the removal of the fine particles and also
not taking into account the rather large amounts of bound
fluoride that still is present in the miniscule shell particles
remaining in the electrolysed material.

In U.S. Pat. No. 5,053,234 (Anderson et al.) there is dis-
closed a proteinaceous product produced through a process
involving a milling stage, a hydrolyzing stage using pro-
teolytic enzymes, an inactivating stage involving heating of
the material and simultaneously producing an oil through the
heating, a screening stage for removing water from the prod-
uct, and a subsequent oil-separation stage for removing oil to
form the final product. Again nothing is indicated concerning
removing fluoride from the material.

GENERAL DISCLOSURE OF THE INVENTION

The present invention provides an industrial method for
processing catches of hill comprising a number of steps pre-
senting a very early and substantially complete removal of
crust, carapace and shell and thereby a substantial removal of
fluoride from the krill material. The method also prevents
separation problems caused by emulsions when processing a
raw material with high content of phospholipids.
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4

The method according to the present invention is initiated
immediately subsequent to decking a catch of krill. It is of
importance that the method according to the present invention
is initiated as soon as possible after the catch of krill has been
decked since fluoride immediately starts to leak/diffuse from
the crust and carapace into the flesh and juices from dead krill.

When using the term “immediately” in connection with
starting the process according to the present invention this
relates to the period from decking the krill catch and to the
initial disintegration of the hill (see infra). This period of time
should be kept to a minimum, and should preferably not
exceed 60 minutes, more preferred not exceed 30 minutes,
even more preferred not exceed 15 minutes, and should
include a direct transfer of the krill catch from the trawl
bag/net to a suitable disintegrator. A disintegrator of the krill
material may be a conventional pulping, milling, grinding or
shredding machine.

The krill catch is initially loaded into an apparatus for
disintegration of the raw material through e.g. pulping/mill-
ing/grinding/shredding. The temperature of the disintegra-
tion process is around the ambient temperature of the water,
i.e. between -2 and +10° C., preferably around +0° C. to +6°
C., and may be performed by any convenient disintegration
method. This disintegration process is also conventionally
done by the previous known processing methods, and repre-
sents one of the obstacles according to the prior art because it
produces large amounts of shell and crust debris from the krill
mixing in the milled material and producing a disintegrated
paste with a high fluoride content. However, this high fluoride
content is one of the reasons why the prior art processed hill
material has limited applications and is less suitable for food,
feed or corresponding food or feed additives compared to
other marine raw materials e.g. pelagic fish.

According to the present invention the krill material is
divided into a particle size suitable for a further separation
step for not interfering with the subsequent processing steps.

The disintegrating process is performed continuously and
causes a particles sizes up to 25 mm, preferred particle size is
0.5-10 mm and more preferred 1.0-8 mm. The particle size
distribution represents one of the aspects of the invention
because the fluoride has a tendency to leak out of the milled
material and mingle with the rest of the raw material. How-
ever, this leaking process takes time and is not as rapid as
being preventive for a subsequent enzymatic hydrolysis step,
provided the hydrolysis step is performed within specific
parameters with respect to time and optimal or near-optimal
conditions such as pH and temperature and optionally with
the addition of co-factors such as specific ions depending on
the used enzymes.

The temperature of the disintegrated material shall accord-
ing to the present invention be elevated to a temperature
suitable for the subsequent enzymatic hydrolysis. The tem-
perature shall be increased as soon as possible (within sec-
onds [e.g. 1-300 seconds, more preferred 1-100 seconds, even
mo preferred 1-60 seconds, most preferred 1-10 seconds])
subsequent to the disintegrating step for reducing the process-
ing time and thereby preventing diffusion of fluoride and for
preparing the material for the enzymatic hydrolysis.

According to the present invention enzymes may be added
directly to the disintegrated material or through the added
water or both, before, during or after the disintegration pro-
cess.

According to the present invention exogenous proteolytic
enzymes (e.g. alkalase, neutrase, and enzymes derived from
microorganisms [Bacillus subtilis, Aspergillus niger, etc| or
plant species) shall be added before, during or after the dis-
integration, and before, during or after the heating of the
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disintegrated material. The added enzyme(s) may be in the
form of one single enzyme or a mixture of enzymes. The
conditions of the hydrolysis should match the optimal hydro-
Iytic conditions of the added enzyme(s) and the selection of
optimal conditions for the selected exogenous hydrolytic
enzyme(s) is known to the person skilled in the art. As an
example the exogenous enzyme alkalase having a pH opti-
mum of about 8, a temperature optimum of 60° C. and a
hydrolysis time of 40-120 minutes. The selected enzymes, or
combination of enzymes, should also be chosen for reducing
emulsions caused by high content of phospholipids in the raw
material.

The efficient amount of proteolytic enzyme(s) will be set
after a process- and product optimization, and will also
depend on the efficiency of the specific chosen commercial
enzyme or mix of enzymes. A typical amount by weight of
commercial enzymes, as a ratio of the amount of the weight of
the disintegrated raw material, are preferably between 0.5%
and 0.05%, more preferably between 0.3% and 0.07% and
most preferable between 0.2% and 0.09%. Fresh caught hill is
known for rapid and uncontrolled autolysis by endogenous
(natural) enzymes.

The reason for adding exogenous enzymes is to take con-
trol of, and guide, the breakdown of the proteinaceous mate-
rial in the disintegrated substance as well as aiding in speed-
ing up/accelerating the hydrolysis of the material (see infra)
on account of avoiding/preceding the leaking of fluorine from
the shell, carapace and crust as mentioned supra. The
enzymes, or the combination of enzymes, should also be
carefully chosen to reduce emulsion in the production pro-
cess. Enzymes may be selected from exo- and/or endopepdi-
dases. If a mixture of enzymes is used, such a mixture may
also include one or more her chitinases for subsequently
making the chitin-containing fraction(s) more amenable to
further downstream processing. If chitinases are used care
must be taken for not increasing the leakage of fluorine from
the shell/crust/carapace of the krill into the other fractions.
However, since such fluorine leakage takes time, it is possible
to perform such an enzymatic treatment within the time
parameters indicated supra. A more convenient alternative to
including chitinases in the enzyme mix of the initial hydroly-
sis step will be to process the separated chitin-containing
fraction subsequently to the separation step.

As it is important to avoid the leaking of fluoride from the
milled material, and since the leaking to some degree is
related to the increased surface area created through the dis-
integrating step, the enzymatic hydrolysis step should be
finished within a time interval of 100 minutes, preferably
within 60 minutes, most preferred within 45 minutes calcu-
lated from the addition of the endogenous enzyme(s). The
amount of enzyme(s) added is related to the type of enzyme
product used. As an example it may be mentioned that the
enzyme alkalase may be added in an amount of 0.1-0.5%
(w/w) of the raw material. This should be taken into context
with the added endogenous enzymes since the addition of
more enzymes will reduce the time interval of the hydrolytic
step. As mentioned supra the time of the hydrolytic step is one
of the crucial features of the present process since a short
hydrolysis time reduces the diffusion time of fluorine from
shell, carapace and crust particles. The hydrolytic enzymatic
processing step is intended to remove the binding between the
soft tissue of the krill to the external shell, crust and carapace
of the crustacean.

Subsequent to or together with the hydrolytic processing
step the krill material is passed through a particle removal
device operating through a gravitational force such as a
decanter. This separation step removes the fine particles con-
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6

taining a considerable amount of the fluoride from the
hydrolysed or hydrolysing krill material. The decanter is
operated with a g force between 1.000 and 1.800 g, more
preferably between 1.200 and 1.600 g and most preferably
between 1.300 and 1.500 g. Through this particle removal
step a substantial amount of fluorine is removed from the
proteinaceous krill fraction. The reduction of fluorine on a dry
weight basis as compared to conventional krill meal, with a
typical fluorine content of 1.500 p.p.m, may be up to 80%,
even more preferred up to 85%, most preferred up to 95%.

The enzymatic hydrolysis may be terminated by heating of
the hydrolysing material (incubate) to a temperature over 90°
C., preferably between 92-98° C. and most preferred between
92-95° C., prior to, during or after the separation step, as long
as the hydrolysis duration lies within the above given bound-
aries. The hydrolysis is terminated before, during or after the
fine particle removal step, most preferred after the fine par-
ticle removal step. The temperature of the decanter particle
removal step will in one embodiment depend on the optimal
activity temperature of the enzyme (in the case where the
enzymatic hydrolysis step is terminated by heating after the
fine particle separation step).

The fluorine content in the prior art processed krill protein
material has limited applications and are less suitable for food
or feed or corresponding food or feed additives, as mentioned
supra but the fluorine content of the removed shell material is
not preventive for further separation/purification of this frac-
tion. Thus materials such as chitin, chitosan and astaxanthin
may be isolated from the separated shell material. Such iso-
lation procedures are known within the art. Steps may also be
taken for removing the fluorine from the isolated shell mate-
rial e.g. through dialysis, nanofiltration, through electro-
phoresis or other appropriate technologies.

The hydrolytic enzyme(s) is/are deactivated. Such deacti-
vation may be performed in different ways, such as adding
inhibitors, removing co-factors (e.g. crucial ions through
dialysis), through thermal inactivation or any other deactivat-
ing means. Among this thermal inactivation, as mentioned
supra, is preferred by heating the proteinaceous material to a
temperature where the hydrolytic enzymes become denatured
and deactivated. However, if a product where the relevant
native proteins are not denatured is wanted, other means than
heating for deactivating the hydrolytic enzymes should be
selected.

The proteinaceous material exiting the decanter forms a
de-fluorinated incubate and may be separated forming a
Phospholipids/Peptide Complex (PPC), a lean hydrolysate
fraction as food or feed additives and a lipid fraction mainly
consisting of neutral lipids.

The PPC is rich in lipids, like a smooth cream with no
particles, and is well suspended in the proteinaceous material.
This gives small density differences in the material and makes
it difficult to separate with common centrifugal separators
and decanters. This is especially accentuated with krill
catches during the second half of the fishing season.

Ordinary disc centrifugal separators would not work prop-
erly since emptying and necessary cleaning cycles with water
will disturb separation zones, cause emulsions in products
with high phospholipids content, and result in low dry matter
concentrations of PPC. Standard decanters would not have
possibility to separate due to low g force, short separation
zone and intermixing of light and heavy phase at the dis-
charge of heavy phase from the machine. The separation of
the proteinaceous material into sub-fractions will therefore
preferably be performed by a specially designed horizontal
decanter centrifuge with an extended separation path as
shown in FIG. 1 below.
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The specially designed decanter is essentially a decanter
centrifuge but with some novel differences. As for ordinary
decanters, the feed enters the bowl through a central placed
feed pipe in the middle of the separation zone. In this special
decanter the feed enters at the end and at the opposite side of
the outlet (1.). This gives the feature of a considerably longer
clarification/separation zone than ordinary decanters and uti-
lizes the total available separation length (2.) of the machine.
The drive is able to impart high g-forces: 10 000 g for small
machines and 5 000 to 6 000 g for high capacity machines,
facilitating the separation of very fine, slow-settling PPC
without emulsification. The concentrated PPC will be sub-
jected to the highest g-force just before entering under the
baftle (3.). The different liquid layers from PPC are concen-
trated gradually and the PPC can solely escape under the
baftle, be pressurised by the g force and pushed out by the
machine (4). The concentration of the PPC to about 27-30%
dry matter makes the downstream processing efficient in
terms of operating/robustness and as well economically con-
sidering both yield and costs for drying of PPC to a meal. Itis
also of importance to have a good separation in this step to get
a lean hydrolysate without disturbing macromolecules being
able to concentrate the hydrolysate by evaporation to a final
concentration of more than 60%.

The lipid content in the PPC on dry matter basis is reflected
by the seasonal variations of the lipid content in the raw
material and is typically around 50%. The fluorine reduction
on dry weight basis compared to commercial krill meal in the
PPC is preferably over 70%, more preferred over 75% and
most preferred over 80%.

The dry matter content in the CHF (Concentrated Hydroly-
sate Fraction) after separation and after evaporation is pref-
erably over 45%, more preferred over 50% and most pre-
ferred over 55%. The lipid content in the CHF on dry matter
basis is preferably below 5%, more preferred below 4% and
most preferred below 3%. The fluorine reduction on dry
weight basis compared to commercial krill meal in the CHF is
preferably over 85%, more preferred over 90%, most pre-
ferred over 96%.

While the CHF has a low lipid content and a low water
activity (a,,<0.79) this fraction could be stored in a tempera-
ture below 4° C. for more than 12 months without any sig-
nificant microbial growth or other degradation of the product.

The lipid oxidation in marine lipids proceeds relatively
rapidly also during cold storage, being the reason why the
process according to the invention should be conducted on
fresh caught material onboard a fishing vessel. The PPC may
be frozen, but the best industrial and cost efficient way to
provide a storage-stable product is, however, to dry the PPC,
preferably in a gentle drying process with low temperatures
(0-15°C.,e.g. 1-10° C. or 2-8° C.) and under inert conditions.
This gives a reduced oxidative stress on the long-chain poly-
unsaturated omega-3 fatty acids (n-3 LCPUFA). A lyophili-
sation process is also well suited since this avoids an over-
heating of the product.

Furthermore, an improved product may be obtained by
vacuum (pressure . . . ? mm Hg) and low temperature (within
the interval supra) and scraped surface drying of the PPC.

The unique low-fluoride-containing dried PPC product is
well suited for pharma production, human consummation
such as nutraceutical products, food ingredient products,
human consummation in general and special ingredients in
feed.

The dried PPC is well suited for further downstream pro-
cessing of the separate substances of interest, especially since
water has been removed. This makes a succeeding extraction
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process significantly simpler and more cost efficient com-
pared to extraction of raw/thawed material.

The storage stability of the PPC meal is extraordinarily
good on account of low initial values of oxidation products
being present in the fresh catch. The PPC meal is preferably
produced in an inert atmosphere, packed under an inert atmo-
sphere and in a packaging with a good oxygen barrier, pro-
longing the storage life period significantly.

EXAMPLE

A fraction of 500 kg from a 10 ton catch of Antarctic krill
was immediately (maximally 20 minutes after catch) shred-
ded through a knife cutter into pieces of a particle size 0of 3-6
mm at a temperature of 1-2° C., and immediately thereafter
added 500 liters fresh water and alkalase in an amount of
0.2% (w/w) of the hill wet weight and then heated to a tem-
perature of 55-60° C.

The enzyme was allowed to function for 45 minutes at said
temperature. The material was thereafter fed to a decanter
operated at the following conditions: Temperature: 90° C.,
gravity force at 1400 g and with a feed rate of 1.2 ton krill/
water/enzyme suspension per hour causing a separation of the
fluorine-containing fine particles and a liquid proteinaceous
fraction exiting the decanter. The material was then heated to
a temperature of 93° C. in order to terminate the enzymatic
hydrolysis and denaturing/agglomerating the insoluble pro-
tein together with polar lipids for following separation. The
liquid proteinaceous fraction was immediately thereafter
transferred to a separation step by a specially designed
decanter (sedicanter) mentioned supra, separating the solid
phase containing insoluble proteins and polar lipids concen-
trate (PPC) from the hydrolysate.

The PPC are thereafter mixed with a food-grade anti-cak-
ing agent, dried in a thin film vacuum drier and packed in air
tight bags under nitrogen atmosphere. The aqueous soluble
protein (hydrolysate) and neutral lipid phase are feed to a
separator separating the neutral lipid phase from the hydroly-
sate. The oil is stored in air tight containers under nitrogen
atmosphere.

The hydrolysate are continuously feed into a flash evapo-
rator for dewatering/concentration giving a concentrated
hydrolysate fraction (CHF) with dry weight of 55-70% and
stored in air tight containers under nitrogen atmosphere.

A typical mass balance for processing of raw lean Antarctic
krill is shown in table below:

TABLE I

Mass balance for processing of raw lean Antarctic krill.

From 500 kg Dry weight
Fraction raw krill in fraction
PPC (Phospholipids/Peptide 80 kg 28%
Complex)
Dried PPC (with anti-caking 25kg 97%
agent)
Hydrolysate 770 kg 6.1%
CHF (Concentrated 78 kg 60%
Hydrolysate Fraction)
Fluorine-containing fine 45 kg 40%
particles (shell and carapace
fragments)
Neutrals oils <5kg 100%

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1. A specially designed decanter with an extended
separation path. This example is a FLOTTWEG SEDI-
CANTER® horizontal decanter centrifuge.
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The invention claimed is:

1. A concentrated krill protein hydrolysate fraction pre-
pared by enzymatic hydrolysis of krill comprising a fluoride
reduction of at least 85% on dry matter basis as compared to
an approximate 1,500 ppm fluoride value in commercial krill 5
meal.

2. The concentrated hydrolysate composition of claim 1,
having a fluoride reduction of at least 90% on dry matter basis
as compared to an approximate 1,500 ppm fluoride value in
commercial krill meal. 10

3. The concentrated hydrolysate composition of claim 1,
having a fluoride reduction of at least 96% on dry matter basis
as compared to an approximate 1,500 ppm fluoride value in
commercial krill meal.

4. The concentrated hydrolysate composition of claim 1, 15
having a dry matter content of at least 45%.

5. The concentrated hydrolysate composition of claim 1,
having a dry matter content of at least 52%.

6. The concentrated hydrolysate composition of claim 1,
having a dry matter content of at least 55%. 20
7. The concentrated hydrolysate composition of claim 1,

having a dry matter content of at least 59%.

8. The concentrated krill protein hydrolysate fraction of
claim 1, having less than 5% krill lipids on dry matter basis.

9. The concentrated krill protein hydrolysate fraction of 25
claim 1, having aqueous soluble krill proteins.

#* #* #* #* #*
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